Ethambutol induced toxic optic neuropathy in HIV positive patients by Hamzah Mustak et al.
EthambutolinducedtoxicopticneuropathyinHIV
positivepatients
窑 ClinicalResearch 窑
DivisionofOphthalmology,GrooteSchuurHospital,Cape
Town7925,SouthAfrica
Co-firstauthors: GraemeRogers,ColinCook
Correspondence to: HamzahMustak. Divisionof
Ophthalmology,GrooteSchuurHospital,CapeTown7925,
SouthAfrica.shmustak@hotmail.com
Received:2013-02-19Accepted:2013-07-02
Abstract
· AIM:TodeterminewhetherHIVandtheuseof
antiretroviraltherapyisariskfactorforthedevelopment
ofethambutoltoxicopticneuropathy.Todescribethe
clinicalcourseofethambutoltoxicopticneuropathyin
patientswithHIVandtoidentifyprognosticfactors.
·METHODS:Thecasenotesof14consecutivepatients
referredtotheneuro-ophthalmologyclinicwerereviewed.
DataregardingHIVstatus,antiretroviraltherapy,visual
function,ethambutoltherapydosage,andethambutol
therapydurationwerecollectedandanalysed.
·RESULTS:Elevenofthe14patientswereHIVpositive.
Ten of the HIV positive patients were receiving
antiretroviraltherapy.Themeandoseofethambutolwas
17.25mg/kg/day.Nostatisticallysignificantdifferencein
meandose,durationoftherapy,ageorCD4countwas
foundbetweenthosewhoshowedvisualimprovement
andthosewhodidnot.Delayinpresentationofmore
thanonemonthpostsymptomonsetwascorrelatedwith
poorvisualoutcome( =0.001).
·CONCLUSION:HIVand,perhapsmoreimportantly,the
potential mitochondrial toxic effects of Nucleoside
analoguereversetranscriptaseinhibitors(NRTIs)maybe
a risk factor for the development of toxic optic
neuropathyfromethambutoltherapy amultiplehit
effect. Delayinpresentationresultsinpoorvisual
outcome.RegularmonitoringisrecommendedforHIV
positivepatientsreceivingantiretroviralsandrequiring
ethambutoltherapyinordertoavoidpermanentvisualloss.
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INTRODUCTION
E
thambutolisaneffectivefirstlineagentusedinthe
treatmentoftuberculosis,whichremainsaprevalent
infectiousdiseaseinmiddleandlowincomecountries
[1].
Opticnervetoxicityresultingfromtheadministrationof
ethambutolisawell-recognisedcomplicationoftherapy
[1,2].
CarrandHenkind
[3],in1962,initiallyreportedonthedose
dependanteffectofethambutoltoxicity.Currentguidelines
recommenddosesof15-20mg/kg/daywithatoxicityincidence
of1%
[1,4].WangandSadun
[5] estimateapproximately100000
newcasesoftoxicopticneuropathyfromethambutoleach
year.AsystematicreviewbyEzer
[6] estimatesvisual
impairmentin22.5/1000peopleonethambutoltherapy,with
permanentvisuallossoccurringin2.3/1000.Themechanism
oftoxicityisnotwellunderstood.Thepostulatedmechanism
isrelatedtothechelatingeffectsofethambutolonvarious
mitochondrialmetal-containingenzymes
[4,5].
Ethambutoltoxicitymostcommonlypresentsbetweenthree
andfivemonthspostinitiationoftherapyasbilateral,
progressive,painlessvisuallossand/ordecreasedcolour
vision
[1,4,7].Withpromptcessationoftherapy,visualacuity
mayrecoveroverseveralmonths.However,theremaybe
significantdeficitsinrecoveryofvisualfields,colourvision,
andcontrastsensitivity
[4,7-11].Thereportedrangeinvisual
acuityimprovementisbetween20%and80%
[1].Norisk
factorsforpoorvisualrecoveryhavebeenidentified.
Age,hypertension,renaldysfunctionanddailydoseof
ethambutoltherapyhaveallbeenpositivelycorrelatedwith
anincreasedriskoftoxicity
[8-10].Durationoftherapyasarisk
factorremainscontroversial.TalbertEstlinandSadun
[10]
foundapositivecorrelationbetweendurationoftherapyand
toxicity,whereasLee 's
[9] reviewof13casesfoundno
correlationbetweendurationoftherapyandtoxicity.HIVand
theuseofanti-retroviralsasariskfactorforthedevelopment
ofethambutoltoxicneuropathyhavenotbeenreported.
TheWesternCapeofSouthAfricahasoneofthehighest
tuberculosisincidenceratesintheworld,withafigureof
1037/100000reportedin2002
[12].Anestimated28.2%of
thesepatientshaveHIVco-infection
[12].Severalstudieshave
lookedatthepharmokineticsofethambutolinHIVaffected
individualsandfoundalowmaximumconcentrationofdrug
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542affectstheopticnerve immunemediatedmechanisms,
mostnotablybyactionofcytokinesandtumournecrosis
factor
[15,16].HIVpositivepatientsmaythushavevulnerable
optic nervesandmaybemore predisposedtothe
developmentofacquiredopticnervetoxicity.
Ethambutolisametalchelatoranditsantimycobacterial
propertiesarerelatedtotheinhibitionofarabinosyltransferase
(animportantenzymeformycobacterialcellwallsynthesis)
[5].
Ethambutolalsodisruptsoxidativephosphorylationand
mitochondrialfunctionbyinterferingwithironcontaining
complexI&coppercontainingcomplexIV.Theresultant
effectisthegenerationofreactiveoxygenspeciesanda
cascadeofeventsresultingincellularapoptosis
[5,6].The
featureoftemporalpallorseencommonlyintoxicoptic
neuropathyisduetothehighmitochondrialcontentofthe
papillomacularbundle,andhenceganglioncellsinthisarea
aremostaffectedbymitochondrialdisturbance
[5].
Nucleosideanaloguereversetranscriptaseinhibitors(NRTIs)
usedinantiretroviraltherapytargettheviralreverse
transcriptaseenzyme.Thedrugshavealsobeennotedto
causemitochondrialtoxicityaffectingseveraltissuesystems
byinterferenceofmitochondrialDNA(mtDNA)polymerase
gamma
[5,17,18].TheeffectisacquireddefectsofmtDNA
mutations.Cortopassi
[19] attributetheactivationof
transcriptsoftheunfoldedproteinresponseingenetic
mitochondrialdiseases,suchasLebershereditaryoptic
neuropathy.AcquiredmtDNAmutationsmaycausesimilar
activationofthesetranscripts.Theunfoldedproteinresponse
resultsininhibitionofproteinsynthesis,vesicularsecretion
andoligodendrogenesisresultinginneurologicaldisease
[19].
Tenofthe14patientsinourstudywereHIVpositiveand
receivingantiretroviraltherapy.Allofthesewereona
nationalguidelinebasedfirstlinetherapyconsistingoftwo
NRTIs(stavudineandlamivudine)andonenon-nucleoside
reversetranscriptaseinhibitor(Efavirenz)
[20].Thesepatients
arethusexposedtoadoublehiteffectonmitochondrial
functionwhichmayattributefortheirmajoritynumberinour
study.
Despiteoriginaldrugtestingreportingvisualrecoveryafter
promptcessationofethambutol,ourstudysupportsthe
findingsofLee
[9] andKumar
[11] suggestingthat
visualfunctionrecoversonlyinaminorityofpatients.
Furthermore,thepatientsshowingrecoveryinvisualacuity
stillhaveresidualdeficitsincolourvision.Ourseriesalso
suggeststhatpoorvisualrecoveryisassociatedwithdelayed
presentationandthereforedelayedcessationoftherapy.
Ethambutoldosageswerewithintherecommended"safe"
dosagerangeof15and20mg/kg/day.TheHIVpositive
patientsfollowthesameclinicalcoursedescribedfor
otherwisehealthyindividuals,withdelayedonsetof
symptoms,markedsymmetricalvisuallossandcolourvision
deficits,andtypicalvisualfielddefects.Visuallosson
presentationwasprofoundinallourpatients,andallpatients
atpresentationwereonlyabletoreadthetestplateofthe
Ishiharacharts.
Guidelinesfortheearlydetectionandpreventionoftoxicity
havebeenpublished.TheBritishThoracicSocietyandthe
AmericanThoracicSocietybothrecommendvisualscreening
priortocommencementoftherapybutdonotrecommend
regularmonitoringofvisualfunctionduringtherapy
[1].
Severalstudieshaveshowncolourvisiontestingwith
Ishiharatestplatestobeasensitivesignofearlytoxicity
[1].
Monitoringofvisualfunctionduringtherapyisnotroutinein
SouthAfrica.
Thisstudyhasanumberoflimitations.Itisaretrospective
caseseries.Thestudysampleissmallandtherefore,valuable
interpretationofstatisticalsignificanceislimited.However,
ethambutoltoxicityisarareeventwithonlysmallseriesof
casesreported.Ourstudydemonstratesanincreasingtrendof
patientswhoareHIVpositiveandreceivingantiretroviral
therapywhopresentwithethambutoltoxicity.Acasecontrol
studymightfurtherelucidateandquantifytheriskofHIV
andantiretroviraltherapyforethambutoltoxicity.
Thisstudyraisessomeimportantissues.Ethambutoltoxic
opticneuropathyisararecomplicationoftherapy,butithas
potentiallydevastatingeffectsonvision.HIVpositive
patientsonantiretroviraltherapymaybeespecially
vulnerabletothetoxiceffectsofethambutol amultiple
hiteffect.Considerationcouldbegiventoregularmonitoring
ofvisualfunctioninHIVpositivepatientsonantiretroviral
therapyreceivingethambutol,ormotivationmadetoexclude
ethambutolfromtheiranti-tuberculosisregimen.
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